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(54) APPARATUS FOR ELECTROLESS PLATING AND METHOD FOR FORMING CONDUCTIVE FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus for an 
electroless plating capable of suppressing a change of a plating liquid 
with time and carrying out electroless plating homogeneously and 
accurately, and provide a method for forming a conductive film. 
SOLUTION: The apparatus for the electroless plating is composed of 
the upper apparatus 20 and the lower apparatus 10. The lower 
apparatus 10 is composed of a rotatable spin table 11 with a 
semiconductor wafer W, a heater 11a and pipe arrangements 15, 16 
and 17 which supply (a) pure water, (a) a pre-treating liquid and an 
electroless plating liquid, respectively on the wafer. The upper 
apparatus 20 is composed of a plating cup 21, a heater 21a, a stirrer 
22, pipe arrangements 24, 25, 26 and 27 which supply the pure water, 
the pre- treating liquid and the electroless plating liquid and an inert 
gas, respectively in the plating cup 21, and a sealing material 23. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Said plating bath which is installed as it is electroless deposition equipment which forms the electric 
conduction film and the plated field of a plated object expects the inside of a plating bath by electroless 
deposition processing, and separates a plated field from an external ambient atmosphere at least, Electroless 
deposition equipment which has a plating liquid supply means of said plated object to supply plating liquid to 
said plated field at least, and a gas supply means to supply the gas which contains inert gas or ammonia gas at 
least in said plating bath. 

[Claim 2] Electroless deposition equipment according to claim 1 which has a movable attachment component for 
said plated object further in the direction which holds said plated object and counters said plating bath. 
[Claim 3] Said plating bath is electroless deposition equipment [ movable in the direction which counters the 
plated field of a plated object ] according to claim 1. 

[Claim 4] Electroless deposition equipment according to claim 1 which has further a pretreatment liquid supply 
means to supply pretreatment liquid to said plated field of said plated object at least, supplies pretreatment 
liquid from the pretreatment liquid supply means concerned before said electroless deposition, and pretreats 
said plated object. 

[Claim 5] Electroless deposition equipment according to claim 1 which has further a penetrant remover supply 
means to supply a penetrant remover to said plated field of said plated object at least. 

[Claim 6] Electroless deposition equipment according to claim 1 which has further a churning means to agitate 
said plating liquid in said plating bath. 

[Claim 7] Said inert gas is electroless deposition equipment according to claim 1 which is gas which contains 
nitrogen at least. 

[Claim 8] Electroless deposition equipment according to claim 1 with which the temperature control of said gas 
is carried out to 20 degrees C - 95 degrees C. 

[Claim 9] Said attachment component is electroless deposition equipment according to claim 2 which has 
further a heating means to heat said plated object. 

[Claim 10] Said plating bath is electroless deposition equipment according to claim 1 which has further a 
heating means to heat said gas in said plating bath. 

[Claim 11] Electroless deposition equipment according to claim 1 which has further a plating liquid recovery 
means to collect said plating liquid. 

[Claim 12] Said plating liquid is electroless deposition equipment according to claim 1 which contains at least 
the 1st metallic material which supplies the principal component of said electric conduction film, a complexing 
agent, a reducing agent, and pH regulator. 

[Claim 13] Said plating liquid is electroless deposition equipment according to claim 12 which contains further 
the 2nd metallic material which supplies the component which raises the barrier ability of said electric 
conduction film. 

[Claim 14] Said complexing agent is electroless deposition equipment containing the 2nd complexing agent 
which promotes dipolar ion type the 1st complexing agent and a plating reaction according to claim 12. 
[Claim 15] Said plating liquid supply means is electroless deposition equipment according to claim 12 which has 
a 1st solution supply means to supply the 1st solution which contains said 1st metallic material and said 
complexing agent at least, and a 2nd solution supply means to supply the 2nd solution which contains said 
reducing agent at least. 

[Claim 16] Said plating liquid supply means is electroless deposition equipment according to claim 13 which has 
a 1st solution supply means to supply the 1st solution which contains said 1st metallic material and said 
complexing agent at least, a 2nd solution supply means to supply the 2nd solution which contains said 2nd 
metallic material at least, and a 3rd solution supply mearis4p supply the 3rd solution which contains said 



v , reducing agent at least. 

[Claiiji 17] §aid plating liquid supply means is electroless deposition equipment according to claim 13 which has 
.a # lst solution supply means to supply the 1st solution which contains said 1st metallic material and said 
complexing agent at least, and a 2nd solution supply means to supply the 2nd solution which contains said 2nd 
metallic material and said reducing agent at least. 

[Claim 18] Said 1st metallic material is electroless deposition equipment containing the compound which 
contains cobalt or nickel at least according to claim 12. 

[Claim 19] Said 1st metallic material is electroless deposition equipment containing a cobalt chloride or a nickel 
chloride according to claim 18. 

[Claim 20] Said 2nd metallic material is electroless deposition equipment containing the compound which 
contains a tungsten or molybdenum at least according to claim 13. 

[Claim 21] Said 2nd metallic material is electroless deposition equipment containing the ammonium salt of a 
tungstic acid or a molybdic acid according to claim 20. 

[Claim 22] Said 1st complexing agent is electroless deposition equipment according to claim 14 which contains 
amino acid at least. 

[Claim 23] Said 2nd complexing agent is electroless deposition equipment according to claim 14 which contains 
an organic acid at least. 

[Claim 24] Said plating liquid is electroless deposition equipment according to claim 12 with which pH is 
adjusted to 7-12. 

[Claim 25] Said plating liquid is electroless deposition equipment according to claim 13 with which pH is 
adjusted to 8-12. 

[Claim 26] Said plating liquid is electroless deposition equipment according to claim 12 with which temperature 
is adjusted to 20-95 degrees C. 

[Claim 27] Said plating liquid is electroless deposition equipment according to claim 18 with which temperature 
is adjusted to 50-95 degrees C. 

[Claim 28] Said 1st metallic material is electroless deposition equipment containing the compound which 
contains copper at least according to claim 12. 

[Claim 29] the liquid to said plated field of said unnecessary plating liquid which remained in said plating bath 
when said plated object and said plating bath were separated after electroless deposition termination and said 
plating liquid on said plated field was removed — the electroless deposition equipment according to claim 1 
* which has further a cutoff means to prevent whom. 

[Claim 30] The process which is the approach of forming the electric conduction film, installs it by electroless 
deposition processing as expects the plated field of a plated object to the inside of a plating bath, and separates 
the plated field concerned from an external ambient atmosphere at least, The gas supply process which supplies 
the gas which contains inert gas or ammonia gas at least in said plating bath, The formation approach of the 
electric conduction film which forms the electric conduction film by electroless deposition processing while it 
has the plating liquid supply process of said plated object which supplies plating liquid to said plated field at 
least and the inside of said plating bath is filled up with said gas. 

[Claim 31] The formation approach of the electric conduction film according to claim 30 which supplies the 
plating liquid which contains at least the 1st metallic material which supplies the principal component of said 
electric conduction film, a complexing agent, a reducing agent, and pH regulator in said plating liquid supply 
process. 

[Claim 32] The formation approach of the electric conduction film according to claim 31 which supplies the 
plating liquid which contains further the 2nd metallic material which supplies the component which raises barrier 
ability to said electric conduction film in said plating liquid supply process. 

[Claim 33] The formation approach of the electric conduction film according to claim 31 which supplies the 
plating liquid which contains the 1st dipolar ion type complexing agent and the 2nd complexing agent which 
promotes a plating reaction as said complexing agent. 

[Claim 34] The formation approach of the electric conduction film according to claim 31 which supplies 
separately the 1st solution which contains said 1st metallic material and said complexing agent at least, and the 
2nd solution which contains said reducing agent at least in said plating liquid supply process. 
[Claim 35] The formation approach of the electric conduction film according to claim 32 which supplies 
separately the 1st solution which contains said 1st metallic material and said complexing agent at least, the 2nd 
solution which contains said 2nd metallic material at least, and the 3rd solution which contains said reducing 
agent at least in said plating liquid supply process. 

[Claim 36] The formation approach of the electric conduction film according to claim 32 which supplies 



* t separately the 1st solution which contains said 1st metallic material and said complexing agent at least, and the 
2nd splutiop which contains said 2nd metallic material and said reducing agent at least in said plating liquid 
.supply process. 

[Claim 37] The formation approach of the electric conduction film according to claim. 31 which supplies the 
plating liquid which contains the compound which contains cobalt or nickel at least as said 1st metallic material 

[Claim 38] The formation approach of the electric conduction film according to claim 37 which supplies the 
plating liquid containing a cobalt chloride or a nickel chloride as said 1st metallic material. 
[Claim 39] The formation approach of the electric conduction film according to claim 32 which supplies the 
plating liquid which contains the compound which contains a tungsten or molybdenum at least as said 2nd 
metallic material. . 

[Claim 40] The formation approach of the electric conduction film according to claim 39 which supplies the 
plating liquid containing the ammonium salt of a tungstic acid or a molybdic acid as said 2nd metallic material. 
[Claim 41] The formation approach of the electric conduction film according to claim 33 which supplies the 
plating liquid containing amino acid as said 1st complexing agent. 

[Claim 42] The formation approach of the electric conduction film according to claim 33 which supplies the 
plating liquid containing an organic, acid as said 2nd complexing agent. 

[Claim 43] The formation approach of the electric conduction film according to claim 31 which supplies the 
plating liquid with which pH is adjusted to 7-12 in said plating liquid supply process. 
[Claim 44] The formation approach of the electric conduction film according to claim 32 which supplies the 
plating liquid with which pH is adjusted to 8-12 in said plating liquid supply process. 
[Claim 45] The formation approach of the electric conduction film according to claim 31 which supplies the 
plating liquid with which temperature is adjusted to 20-95 degrees C in said plating liquid supply process. 
[Claim 46] The formation approach of the electric conduction film according to claim 37 which supplies the 
plating liquid with which temperature is adjusted to 50-95 degrees C in said plating liquid supply process. 
[Claim 47] The formation approach of the electric conduction film according to claim 31 which supplies the 
plating liquid which contains the compound which contains copper at least as said 1st metallic material. 
[Claim 48] the liquid to said plated field of said unnecessary plating liquid which remained in said plating bath 
by separating said plated object and said plating bath after electroless deposition termination, having further 
the process which removes said plating liquid on said plated field, and establishing a cutoff means between said 
plated objects and said plating baths — the formation approach of the electric conduction film according to 
claim 30 which prevents whom. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the formation approach of the electroless deposition 
equipment for forming the conductive layer which has barrier metal ability about the formation approach of 
electroless deposition equipment and the electric conduction film, and the electric conduction film. 
[0002] 

[Description of the Prior Art] Conventionally, as an ingredient of detailed wiring of the semiconductor device 
which forms an integrated circuit at high density and is obtained, aluminum or its alloy has been widely used on 
a semiconductor wafer. However, in order to raise the working speed of a semiconductor device further, it is 
necessary to use ingredients, such as copper with more low specific resistance, and silver, as an ingredient of 
the above-mentioned wiring. Especially copper has specific resistance as low as L8microomegacm, and to the 
top advantageous to improvement in the speed of a semiconductor device, since it is high in an about single 
figure compared with an aluminum system alloy, electromigration resistance is attracting attention as a next- 
generation ingredient. 

[0003] However, it is easy to diffuse copper into insulating ingredients, such as silicon oxide, and has the 
description that a diffusion rate is also quick. So, in using copper as a wiring material, the barrier metal layer 
which prevents copper diffusion is formed in the boundary section of copper and an insulating ingredient, and it 
usually corresponds to it. As for the ingredient used as the above-mentioned barrier metal layer, a tantalum, 
tantalum nitride, titanium, titanium nitride, a tungsten, or a nitriding tungsten is used. 
[0004] the above-mentioned barrier metal layer — the former — for example, PVD(s) (Physical Vapor 
Deposition), such as sputtering, — law or CVD (Chemical Vapor Deposition) — it formed by law etc. -izing 
however, a semiconductor device — detailed-izing — and it integrates highly — alike — following the 
wiring Ruhr — the same — 0.13 micrometers or less — detailed — Although interlayer insulation films, such as 
silicon oxide which covers a component as the height of a semiconductor device furthermore becomes high, are 
thick-film-ized inclinations Since the opening area of a connection hole (the trench, contact hole, and beer hall 
which connect between components and between multilayer interconnections electrically) is narrowed rather 
The aspect ratio of a connection hole had turned into five or more high aspect ratios, when the barrier metal 
layer was formed with PVD or a CVD method under such a situation, coverage worsened and it was very 
difficult to form membranes even on the wall surface of a connection hole at homogeneity. Moreover, in a CVD 
method, a material cost is very expensive and the problem that it is not yet practical also has it. 
[0005] In order to solve the above-mentioned problem, the technique which forms the CoWP layer used as a 
barrier metal layer in a U.S. Pat. No. 5695810 number official report by the electroless deposition method is 
indicated. 
[0006] 

[Problem(s) to be Solved by the Invention] However, by the approach given in the above-mentioned U.S. Pat. 
No. 5695810 number official report, since it is easy to produce precipitate of a hydroxide, Co ion under CoWP 
electroless deposition has the problem that LIFE (life) of plating liquid is very short. Moreover, it is always 
necessary to manage pH of plating liquid so that the tungstic acid contained in plating liquid may not deposit. 
Furthermore, although the Dip method with which electroless deposition is usually immersed in a plating bath in 
a plated object is held, application of a Dip method is difficult for the electroless deposition liquid for CoWP 
from the problem of LIFE of the above-mentioned plating liquid etc., and there is a technical problem also in 
instrumentation. 

[0007] This invention is made in view of the above-mentioned problem, and this invention controls aging of 
plating liquid and aims at offering the formation approach of the electroless deposition equipment which 



> # performs electroless deposition with a precision sufficient to homogeneity, and the electric conduction film. 
[0008] 

.[lyieans for Solving the Problem] In order to attain the above-mentioned purpose, the electroless deposition 
equipment of this invention Said plating bath which is installed as it is electroless deposition equipment which 
forms the electric conduction film and the plated field of a plated object expects the inside of a plating bath by 
electroless deposition processing, and separates a plated field from an external ambient atmosphere at least, It 
has a plating liquid supply means of said plated object to supply plating liquid to said plated field at least, and a 
gas supply means to supply the gas which contains inert gas or ammonia gas at least in said plating bath. 
[0009] Suitably, the electroless deposition equipment of this invention holds said plated object, and has a 
movable attachment component for said plated object further in the direction which counters said plating bath. 
Moreover, said plating bath is [0010]. [ movable in the direction which counters the plated field of a plated 
object ] Moreover, it has further a pretreatment liquid supply means to supply pretreatment liquid to said 
plated field of said plated object at least, and before said electroless deposition, pretreatment liquid is supplied 
from the pretreatment liquid supply means concerned, and said plated object is pretreated. Moreover, it has 
further a penetrant remover supply means to supply a penetrant remover to said plated field of said plated 
object at least. 

[0011] Suitably, it has further a churning means to agitate said plating liquid in said plating bath. For example, 
said inert gas is gas which contains nitrogen at least, and the temperature control of said gas is carried out to 
20 degrees C - 95 degrees C. 

[0012] Suitably, said attachment component has further a heating means to heat said plated object. Moreover, 
said plating bath has further suitably a heating means to heat said gas in said plating bath. 
[0013] Moreover, for example, it has further a plating liquid recovery means to collect said plating liquid. 
[0014] Said plating liquid contains at least the 1st metallic material which supplies the principal component of 
said electric conduction film, a complexing agent, a reducing agent, and pH regulator. Furthermore, the 2nd 
metallic material which supplies the component which raises the barrier ability of said electric conduction film . 
may be contained further. 

[0015] The electroless deposition equipment of this invention has suitably a 1st solution supply means to supply 
the 1st solution with which said plating liquid supply means contains said 1st metallic material and said 
complexing agent at least, and a 2nd solution supply means to supply the 2nd solution which contains said 
reducing agent at least. Moreover, said plating liquid supply means has suitably a 1st solution supply means to 
supply the 1st solution which contains said 1st metallic material and said complexing agent at least, a 2nd 
solution supply means to supply the 2nd solution which contains said 2nd metallic material at least, and a 3rd 
solution supply means to supply the 3rd solution which contains said reducing agent at least. Or the electroless 
deposition equipment of this invention has suitably a 1st solution supply means to supply the 1st solution with 
which said plating liquid supply means contains said 1st metallic material and said complexing agent at least, 
and a 2nd solution supply means to supply the 2nd solution which contains said 2nd metallic material and said 
reducing agent at least. 

[0016] For example, said complexing agent contains the 2nd complexing agent which promotes dipolar ion type 
the 1st complexing agent and a plating reaction. Moreover, for example, said 1st metallic material contains 
compounds which contain cobalt or nickel at least, such as a cobalt chloride or a nickel chloride. Or for 
example, said 1st metallic material contains the compound which contains copper at least. Moreover, for 
example, said 2nd metallic material contains compounds which contain a tungsten or molybdenum at least, such 
as ammonium salt of a tungstic acid or a molybdic acid. Moreover, for example, said 1st complexing agent 
contains amino acid at least, and said 2nd complexing agent contains an organic acid at least. Moreover, for 
example, when, as for said plating liquid, pH contains 7-12, or the 2nd metallic material, pH is adjusted to 8- 
12. Furthermore, for example, the temperature of plating liquid is adjusted to 20-95 degrees C, and when using 
said plating liquid with which said 1st metallic material contains the compound which contains cobalt or nickel 
at least, temperature is adjusted to 50-95 degrees C. 

[0017] moreover, the liquid to said plated field of said unnecessary plating liquid which remained in said plating 
bath when said plated object and said plating bath were separated after electroless deposition termination and 
said plating liquid on said plated field was removed — it is desirable to have further a cutoff means to prevent 
whom. 

[0018] As the plated field of a plated object expects the inside of a plating bath, it is installed, and the inside of 
the plating bath concerned separated from the external ambient atmosphere in the plated field at least is made 
to fill up with the electroless deposition equipment of above-mentioned this invention by gas, such as inert gas, 
such as nitrogen gas, or ammonia gas, first. Next, plating liquid is supplied to the plated field of a plated object, 



♦ , and aplated field is plated while a churning means maintains the plating liquid concerned at homogeneity. At 
this time, a. maintenance means and the heating means of a plating bath are operated if needed, and a plated 
ji§ld and gas are heated to. constant temperature. In addition, reduction of LIFE of the plating liquid by the 
reduction reaction with a reducing agent is prevented by taking means by which a reducing agent and the 2nd 
metallic material supply the chelate solution of the 1st metallic material independently. 

[0019] According to the electroless deposition equipment of above-mentioned this invention, since oxidation of 
plating liquid, precipitate of the pH decrease of plating liquid and the hydroxide of Co ion, etc. can be 
prevented, it can plate with your making it filled up with inert gas, such as nitrogen heated by the plating bath, 
to homogeneity by the ability preventing fluctuation of the plating rate by aging of plating liquid. Moreover, 
washing and pretreatment before and behind electroless deposition can be performed without moving a plated 
object, and it can use properly according to the class of plating of washing of a plated field, pretreatment, etc., 
without making pretreatment within a plating bath, electroless deposition, and a plating bath separate from a 
plated object, and separating from an external ambient atmosphere. 

[0020] In order to attain the above-mentioned purpose, moreover, the formation approach of the electric 
conduction film of this invention The process which is the approach of forming the electric conduction film, 
installs it by electroless deposition processing as expects the plated field of a plated object to the inside of a 
plating bath, and separates the plated field concerned from an external ambient atmosphere at least, The gas 
supply process which supplies the gas which contains inert gas or ammonia gas at least in said plating bath, It 
has the plating liquid supply process of said plated object which supplies plating liquid to said plated field at 
least, and the electric conduction film is formed by electroless deposition processing, filling up the inside of said 
plating bath with said gas. 

[0021] In said plating liquid supply process, the plating liquid which contains at least the 1st metallic material 
which supplies the principal component of said electric conduction film, a complexing agent, a reducing agent, 
and pH regulator is supplied. Moreover, the plating liquid which contains fiirther the 2nd metallic material 
which supplies the component which raises barrier ability to said electric conduction film can also be supplied. 
[0022] For example, the plating liquid which contains the 1st dipolar ion type complexing agent and the 2nd 
complexing agent which promotes a plating reaction as said complexing agent is supplied. 
[0023] The formation approach of the electric conduction film of this invention supplies separately suitably the 
1st solution which contains said 1st metallic material and said complexing agent at least in said plating liquid 
supply process, and the 2nd solution which contains said reducing agent at least. Moreover, the 1st solution 
which contains said 1st metallic material and said complexing agent at least in said plating liquid supply process, 
the 2nd solution which contains said 2nd metallic material at least, and the 3rd solution which contains said 
reducing agent at least are supplied separately suitably. Or the 1st solution which contains said 1st metallic 
material and said complexing agent at least in said plating liquid supply process, and the 2nd solution which 
contains said 2nd metallic material and said reducing agent at least are supplied separately suitably. 
[0024] For example, after performing washing processing of the plated field of a plated object, and 
pretreatment, a plated field is separated from an external ambient atmosphere with a plating bath, and the 
inside of the plating bath concerned is made to fill up with the formation approach of the electric conduction 
film of above-mentioned this invention by gas, such as inert gas, such as nitrogen gas, or ammonia gas. Next, 
plating liquid is supplied to the plated field of a plated object, and a plated field is plated. At this time, rate 
fluctuation of plating is prevented by adjusting plating liquid to constant temperature. In addition, reduction of 
LIFE of the plating liquid by the reduction reaction with a reducing agent is prevented by taking means by 
which a reducing agent and the 2nd metallic material supply the chelate solution of the 1st metallic material 
independently. 

[0025] According to the formation approach of the electric conduction film of above-mentioned this invention, 
since precipitate of the hydroxide of metal ions, such as degradation by oxidization of the plating liquid by 
oxygen, and a pH decrease of plating liquid, cobalt, can be prevented, it can plate with your making it filled up 
with inert gas, such as nitrogen heated by the plating bath, etc. to homogeneity by the ability preventing 
fluctuation of the plating rate by aging of plating liquid. 
[0026] 

[Embodiment of the Invention] Below, the gestalt of implementation of the formation approach of the electroless 
deposition equipment of this invention and the electric conduction film is explained with reference to a drawing. 
[0027] Drawin g 1 is the outline block diagram of the electroless deposition equipment of this operation gestalt. 
Electroless deposition equipment is divided roughly and consists of up equipment 20 and lower equipment 10. 
Lower equipment 10 holds semiconductor wafer W. The pivotable spin table 11, Heater 11a embedded in the 
spin table 11, and on Wafer W Pure water, pretreatment liquid, Drug solutions, such as electroless deposition 



. m liquid The piping 15, 16, and 17 supplied from a non-illustrated tank, respectively, And it consists of piping 14 
which supplies the outside tub 12 which holds the superfluous drug solution with which it overflowed from Wafer 
•W> and the penetrant remover which washes the rear face of Wafer W from a non-illustrated tank, a scrub 
member 13 which carries out the scrub of the rear face of a wafer. With above lower equipment 10, washing of 
the plated field of Wafer W, pretreatment, plating, etc. can be processed by spin spreading and paddle 
processing which are mentioned later. 

[0028] Heater 21a by which up equipment 20 was embedded in the plating cup (plating bath) 21 and the plating 
cup 21, An agitator 22 and the piping 24, 25, 26, and 27 which supplies in the plating cup 21, respectively from 
pure water, pretreatment liquid, electroless deposition liquid, and the tank and bomb whose inert gas is not 
illustrated, It consists of seal members 23 which seal the contact section of the plating cup 21 and Wafer W at 
the time of forming the electroless deposition equipment of this invention. 

[0029] The actuation in the case of plating on Wafer W is explained using above electroless deposition 
equipment. In the electroless deposition of this invention, two configurations can be taken as a configuration 
which performs electroless deposition. That is, they are the approach of plating by spin spreading or paddle 
processing only using lower equipment 10, and the approach of plating using the electroless deposition 
equipment 1 which combined the plating cup 21 and the spin table 11. 

[0030] Drawing 2 is an outline block diagram at the time of forming electroless deposition equipment 1 with the 
plating cup 21 and a spin table 11. Make the above-mentioned plating cup 21 drive below using a motor etc., or 
a spin table 11 is made to drive upwards using a motor etc., the contact section of the plating cup 21 and Wafer 
W is sealed by the seal member 23, and electroless deposition equipment 1 is formed. 
[0031] The actuation in the case of performing electroless deposition is explained using the electroless 
deposition equipment 1 shown in above-mentioned d rawi ng 2 . First, the spin table 11 shown in drawing 2 is 
filled up with nitrogen in the plating cup 21 through piping 27 from a non-illustrated bomb, where Wafer W is 
held. At this time, it is desirable to fill up the inside of the plating cup 21 with nitrogen, forming a non- 
illustrated exhaust pipe in the plating cup 21, and exhausting the gas in the plating cup 21. Moreover, the heat 
insulation effect of plating liquid also has nitrogen by making plating liquid into equivalent temperature. Next, 
plating liquid M is supplied in the plating cup 21 through piping 26 from a non-illustrated tank, rotating an 
agitator 22, if the inside of the plating cup 21 is enough filled up with nitrogen. Moreover, the heaters 11a and 
21a embedded in the spin table 11 and the plating cup 21 are operated, respectively, and the nitrogen in Wafer 
W and the plating cup 21 is heated to predetermined temperature. Thereby, electroless deposition is performed 
and homogeneous good plating deposits on Wafer W by the temperature control at a churning operation of the 
plating liquid by the agitator 22, and Heaters 11a and 21a. 

[0032] As shown in drawing 1 after plating termination, a spin table 11 is dropped and the plating liquid in the 
plating cup 21 is discharged in the outside tub 12. preparing a movable shutter between the plating cup 21 and 
semiconductor wafer W, and separating into it, although illustration has not been carried out at this time — the 
liquid from the plating cup 21 — it is desirable to prevent whom. By rotating a spin table 11 in this condition, 
the plating liquid adhering to the front face of Wafer W is dispersed according to that centrifugal force. Then, it 
washes by spraying pure water on the front face of Wafer W through piping 24 from a non-illustrated tank. 
[0033] Next, how to carry out electroless deposition by paddle processing is explained using lower equipment 

10. Drawing 3 is drawing for paddle processing (liquid peak) to explain the actuation in the case of plating with 
lower equipment 10. First, while it had been made [ or ] to stop as shown in drawing 3 (a), rotating a spin table 

11, plating liquid is supplied on Wafer W from piping 17a. When the spin table 11 is rotating, piping 17a may be 
made to rock from the periphery of Wafer W to inner circumference, or from inner circumference to a 
periphery. Next, as shown in drawing 3 (b), rotation of a spin table 11 is stopped, for example, paddle 
processing (liquid peak) is performed for 1 - 2 minutes in the place where plating liquid M spread round the 
whole surface. Next, as shown in drawing 3 (c), a spin table 11 is rotated and plating liquid is shaken off 
according to the centrifugal force of the rotation. It can plate by repeating each process to above-mentioned 
drawing 3 (a) - (c) according to the need for each processing. The above-mentioned approach has the merit 
that the plating liquid to be used can be reduced compared with the Dip method which plates by making Wafer 
W immersed in a plating bath, and the spin spreading method which supplies plating liquid at any time while 
rotating a spin table. 

[0034] In addition, when performing the above-mentioned approach, heater 11a embedded at the spin table 11 
can maintain the temperature of the plating liquid under plating at predetermined temperature by adjusting the 
temperature of Wafer W. Furthermore, in order to prevent reduction of LIFE of plating liquid, it is desirable to 
hold plating liquid separately on two or more tanks, and to mix and supply before the supply point. 
[0035] Drawing 4 is drawing having shown the supply approach of the electroless deposition liquid in the case of 



k * performing electroless deposition using electroless deposition equipment 1. In drawing 4 (a), it is an example of 
a configuration in the case of holding separately on two or more tanks whose component contained in 
•electroless deposition liquid is not illustrated, and supplying into the plating cup 21 separately from two or 
more piping 26a and 26b. If it holds mixing the component contained in electroless deposition liquid to the same 
tank, this supply approach is effective, when each component reacts mutually and LIFE of plating liquid 
becomes short, and in this case, as shown in drawing 4 , each component will be separately supplied into the 
plating cup 21, it will mix with an agitator 22, and it will perform electroless deposition. In addition, supply of 
plating liquid M may be supplied in the plating cup 21, after holding each component of plating liquid M 
separately by two or more tanks and mixing before a supply nozzle. 

[0036] In drawing 4 (b), it is an example at the time of circulating the plating liquid in the plating cup 21, and 
making it plating liquid always serve as a presentation of homogeneity by collecting the plating liquid in the 
plating cup 21 from piping 18, and returning to a tank 19 again, holding the component contained in electroless 
deposition liquid at predetermined temperature on a tank 19, and supplying into the plating cup 21 from piping 
26. This supply approach has it, especially when plating liquid always needs to make that presentation 
homogeneity, in order for that presentation to carry out aging by the reaction. [ effective ] 
[0037] By in addition, the thing for which plating is collected using piping 18, holding plating liquid on two or 
more tanks, and supplying into the plating cup 21 by separate piping combining drawing 4 (a) and drawing 4 (b) 
It is also possible to circulate the plating liquid in the plating cup 21, and to make it plating liquid always serve 
as a presentation of homogeneity, controlling aging within the tank 19 of plating liquid, and gathering the 
utilization ratio of plating liquid further. Moreover, it is also possible to dispose of the plating liquid which is 
possible also for collecting the plating liquid in the plating cup 21, and returning to the tank 19 after 
purification, and was collected as waste fluid by piping 18. Not only supply of plating liquid but the supply 
approach of the plating liquid to the above-mentioned plating cup 21 can be applied to the supply approach of 
the pretreatment liquid before electroless deposition. 

[0038] According to the electroless deposition equipment of the operation gestalt of above-mentioned this 
invention, degradation or precipitate by drug solution oxidation in an oxygen ambient atmosphere etc. can be 
prevented because you make it filled up with the nitrogen heated in the plating cup 21. Moreover, when the fall 
of pH by volatilization of the ammonia gas in plating liquid can be prevented and cobalt is included in plating 
liquid, precipitate of the hydroxide of cobalt ion can be prevented. Moreover, plating can be performed by 
paddle processing or the cup processing from the plating cup 21 if needed. Moreover, it can carry out, without 
washing before and behind electroless deposition moving a wafer. Moreover, it can plate to homogeneity by the 
ability maintaining plating temperature by forming a heater in a plating cup and a spin table. Furthermore, since 
the spin table and the plating cup are installed in the vertical approach, a gilding machine with a small 
equipment area is realizable. 

[0039] Next, the gestalt of implementation of the formation approach of the electric conduction film using the 
electroless deposition equipment of this invention is explained with reference to a drawing. 
[0040] Drawing 5 is the sectional view of the semiconductor device which formed the electric conduction film by 
the formation approach of the electric conduction film concerning this operation gestalt. On the semi- 
conductor substrate 30 in which the semiconductor device of an MOS transistor or others was formed, the 1st 
insulator layer 40 which consists of silicon oxide is formed, opening which reaches the semi-conductor 
substrate 30 is formed in the 1st insulator layer 40, and the 1st wiring 50 which consists of conductive 
ingredients, such as copper, polish recon, or a tungsten, is formed. The 2nd etching stopper 44 which consists 
of the 2nd insulator layer 41 which consists of silicon oxide, the 1st etching stopper 42 which consists of silicon 
nitride, the 3rd insulator layer 43 which consists of silicon oxide, and silicon nitride carries out a laminating to 
the 1st insulator layer 40 and the upper layer of the 1st wiring 50, and is formed in them. 
[0041] The slot for wiring (Gl, G2) is formed in the 3rd above-mentioned insulator layer 43 and the above- 
mentioned 2nd etching stopper 44, and the contact hole C2 to which the 2nd insulator layer 41 and the 1st 
etching stopper 42 are penetrated, and the top face of the 1st wiring 50 is exposed further is opened for free 
passage and formed in the above-mentioned slot Gl for wiring; [ in the contact hole C2 open for free passage, 
the slot Gl for wiring, and the slot G2 for wiring ] Barrier metal layer 51a which consists of CoWP (cobalt 
tungsten alloy containing Lynn) etc. has covered the wall surface. Conductive layer 52a which consists of 
copper is embedded and formed in the interior, the contact plug P and the 2nd wiring W2 are formed in a 
contact hole C2 and the slot Gl for wiring, and 3rd wiring W3 is formed in the slot G2 for wiring, respectively. 
In the above-mentioned structure, the 2nd wiring W2 has composition connected to the 1st wiring 50 which is 
lower layer wiring through the contact plug P. 

[0042] The formation approach of the above-mentioned electric conduction film is explained with reference to a 



- drawing, first, the semi-conductor substrate 30 top which formed the semiconductor device (un-illustrating) of 
an MOS transistor or others as shown in drawing 6 (a) — for example, CVD (Chemical Vapor Deposition) — 
'silicon oxide is made to deposit by law etc. and the 1st insulator layer 40 is formed. Next, opening which 
reaches the semi-conductor substrate 30 is formed in the 1st insulator layer 40, conductive ingredients, such 
as copper, polish recon, or a tungsten, are embedded, and the 1st wiring 50 is formed. 
[0043] Next, as shown in drawing 6 (b), silicon oxide is made to deposit on the 1st insulator layer 40 and the 
upper layer of the 1st wiring 50 with a CVD method, the 2nd insulator layer 41 is formed, further, silicon 
nitride is made to deposit on the upper layer with a CVD method, and the 1st etching stopper 42 is formed in 
it. 

[0044] Next, as shown in drawing 6 (c), according to a photolithography process, patterning formation of the 
resist film Rl which carries out opening is carried out, RIE (reactive ion etching) etc. is etched into the pattern 
of a contact hole by using the resist film Rl as a mask, and the pattern opening CI to which the top face of the 
1st insulator layer 41 is exposed to the 1st etching stopper 42 is formed in the upper layer of the 1st etching 
stopper 42. 

[0045] Next, as shown in drawin g 7 (a), silicon oxide is made to deposit on the inside of the pattern opening 
CI, and the upper layer of the 1st etching stopper 42 with a CVD method, the 3rd insulator layer 43 is formed, 
further, silicon nitride is made to deposit on the upper layer with a CVD method, and the 2nd etching stopper 
44 is formed in it. 

[0046] Next, as shown in drawing 7 (b), patterning formation of the resist film R2 which carries out opening to 
the pattern of the slot for wiring at the upper layer of the 2nd etching stopper 44 is carried out according to a 
photolithography process. Next, by using the resist film R2 as a mask, RIE etc. is etched, pattern processing of 
the 2nd etching stopper 44 is carried out, further, RIE of the conditions which can carry out etching removal of 
the 2nd insulator layer 43 alternatively to the 1st etching stopper 42 etc. is etched, and the slot for wiring (Gl, 
G2) is formed in the 3rd insulator layer 43 and the 2nd etching stopper 44. At this time, by using the 1st 
etching stopper 42 as a mask, etching removal also of the 1st insulator layer 41 of pattern opening CI field is 
carried out, and the contact hole C2 to which the top face of the 1st wiring 50 is exposed is opened for free 
passage and formed in the slot Gl for wiring by arranging the pattern opening CI formed at the above- 
mentioned 1st etching stopper 42 in the field used as the slot for wiring (Gl, G2). 

[0047] Next, as shown in drawingJB (a), the internal surface of a contact hole C2 and the slot for wiring (Gl, 
G2) is covered, and the barrier metal layer 51 which consists of CoWP (cobalt tungsten alloy containing Lynn) 
is formed in the whole surface as electric conduction film by electroless deposition processing concerning this 
invention. Activation (catalyst-izing) processing can be performed according to the process which needs to use 
the high metal of catalyst nature, such as palladium, and needs to perform activation (catalyst-izing) processing 
as pretreatment of electroless deposition in formation of the above-mentioned barrier metal layer 51 here on a 
plated front face (electric conduction film front faces, such as insulator layer front faces, such as silicon oxide, 
and copper, polish recon, or a tungsten), for example, is shown below. 

[0048] Process l:pure-water washing (pure-water rinse) — it installs in the spin table 11 showing the above- 
mentioned wafer W in drawing 1 first, and pure water is supplied to a wafer W front face from piping 15, pure- 
water washing is performed, and spin desiccation after washing is performed. In addition, the heated warm water 
is sufficient as pure water, and it is also possible to perform ultrasonic pure-water washing. 
[0049] Process 2: Perform the following pretreatments on pretreatment, next the spin table 11 shown in drawin g 
1 . In addition, each process is performed the spin coat which supplies a drug solution at any time while making 
the wafer W front face on a spin table 11 rotate a spin table 11, and by forming the paddle processing which will 
be made to suspend a spin table and will carry out the liquid peak if a drug solution spreads, or electroless 
deposition equipment 1, and especially the approach is not limited. 

(1) hydrophilization **** — first, on a plated front face (silicon oxide, silicon nitride, exposure front face of the 
1st wiring), a drug solution is supplied, oxidize it, introduce a hydroxyl group (- OH radical) into a front face, 
and carry out hydrophilization of the plated front face. What is necessary is for the drug solution concerned 
just to be able to carry out hydrophilization processing of ozone water, a sulfuric acid and hydrogen-peroxide 
liquid, a hypochlorous acid, ammonia and hydrogen-peroxide liquid, permanganic acid ammonium, etc. 

(2) Perform the same processing as a pure-water rinse, next a process 1, and wash a wafer front face. 

(3) Supply coupling agents, such as silane (titanium) coupling processing next a silane coupling agent, or a 
titanium coupling agent, to a plated field, and carry out covalent bond of the above-mentioned hydroxyl group 
and the above-mentioned coupling agent. Thereby, the palladium colloid for catalysts of degree process can 
carry out coordinate bond to the above-mentioned coupling agent, and can heighten the adhesive strength 
(adhesion force) of a plated front face and the palladium colloid for catalysts. 



• (4) Perform the same processing as a pure-water rinse, next a process 1, and wash a wafer front face. 

(5) Supply the drug solution containing catalyst metals, such as catalyst-ized processing, next palladium colloid 
protected by tin chloride, to a plated field, carry out coordinate bond of the tin atom of tin chloride to a 
coupling agent, and combine the above-mentioned catalyst metal with a plated front face. If the above- 
mentioned drug solution is carried out, they are Catalyst9F of SHIPURE, and Enthone-OMI, for example. The 
Enplate Activator444 grade of a shrine can be used. 

(6) Perform the same processing as a pure-water rinse, next a process 1, and wash a wafer front face. 

(7) Accelerator^ of for example, SHIPURE and Accelerator240 grade are supplied to activation, next a plated 
field, exfoliate tin chloride from the palladium colloid protected by the above-mentioned tin chloride, expose 
palladium (catalyst metal), and carry out activation. The copper returned on this exposed palladium will deposit. 

(8) Perform the same processing as a pure-water rinse, next a process 1, and wash a wafer front face. 

(9) Rotate spin desiccation, next a spin table 11, and disperse the drug solution on a wafer according to a 
centrifugal force (spin desiccation). In addition, it is not necessary to necessarily perform the above-mentioned 
process altogether, and hydrophilization processing of (1), the pure-water rinse of (2), the pure-water rinse of 
(4), catalyst-ized processing of (5), etc. can be omitted by the case. 

[0050] Process 3: As it is the barrier metal electroless deposition above, using the electroless deposition 
equipment 1 shown in drawing 2, supply the electroless deposition liquid shown below to a wafer W front face, 
and form the barrier metal layer 51 of uniform thickness all over a plated front face, after carrying out 
activation of the plated front face. For example, each presentation of the plating liquid in the case of forming 
barrier metal by CoP (cobalt containing Lynn), NiP (nickel containing Lynn), CoWP (cobalt tungsten alloy 
containing Lynn), NiWP (nickel tungsten alloy containing Lynn), CoMoP (cobalt molybdenum alloy containing 
Lynn), and NiMoP (nickel molybdenum alloy containing Lynn) is shown below. The above-mentioned electroless 
deposition liquid has at least the 1st metallic material which supplies the principal component of the electric 
conduction film used as for example, a barrier metal layer, the 2nd metallic material (unnecessary, when forming 
barrier metal by CoP and NiP) which supplies the component which gives barrier metal ability to the above- 
mentioned electric conduction film, the 1st dipolar ion type complexing agent (the 1st chelating agent), the 2nd 
complexing agent (the 2nd chelating agent) which promotes a plating reaction, a reducing agent, and pH 
regulator. 

[0051] Here, as drawing 4 (a) showed, it plates by holding each component of the above-mentioned plating 
liquid separately on two or three tanks, supplying separately by two or more piping (26a, 26b ...), and mixing 
within the plating cup 21 with an agitator 22. In addition, it may mix in plating cup 21 this side, and you may 
supply in the plating cup 21. Moreover, the approach of circulating the plating liquid in the plating cup 21 
shown in drawing 4 (b) can also be added. 

[0052] For example, each following component is separately held on a tank, and the plating cup 21 is supplied. 
CoP, the NiP barrier metal ** 1st metallic material solution (it consists of the 1st metallic material, the 1st 
chelating agent, the 2nd chelating agent, a pH regulator, etc.) 
** Reducing agent (it consists of a reducing agent, a pH regulator, etc.) 

With pH regulator, each above-mentioned drug solution is adjusted to pH 7-12, and is supplied to the plating 
cup 21. 

CoWP, the NiWP (CoMoP, NiMoP) barrier metal (1) ** 1st metallic material solution (it consists of the 1st 

metallic material, the 1st chelating agent, the 2nd chelating agent, a pH regulator, etc.) 

** The 2nd metallic material solution (it consists of the 2nd metallic material, a pH regulator, etc.) 

** Reducing agent (it consists of a reducing agent, a pH regulator, etc.) 

With pH regulator, each above-mentioned drug solution is adjusted to pH 8~12, and is supplied to the plating 
cup 21. 

CoWP, the NiWP (CoMoP, NiMoP) barrier metal (2) ** 1st metallic material solution (it consists of the 1st 
metallic material, the 1st chelating agent, the 2nd chelating agent, a pH regulator, etc.) 
** The 2nd metallic material solution and a reducing agent (it consists of the 2nd metallic material, a reducing 
agent, a pH regulator, etc.) 

With pH regulator, each above-mentioned drug solution is adjusted to pH 8-12, and is supplied to the plating 
cup 21. 

[0053] As mentioned above, although cobalt supplies the 1st chelating agent since it tends to produce 
precipitate of a hydroxide in an alkali solution therefore, that we decided to hold on a tank separately and to 
mix in its this side within the plating cup 21 If the reducing agent is beforehand mixed in the chelate solution of 
this cobalt, while the reduction reaction by the reducing agent will advance and LIFE of plating liquid will 



• „ becoijie short, it is because aging arises in the early stages of plating liquid LIFE, and the last stage to a 
membrane formation rate. In addition, by adding the 2nd metallic material, it is also checked that a chelate 
•condition becomes unstable and LIFE of plating liquid becomes short further. Suppose that it follows, for 
example, a reducing agent and the 2nd metallic material are held independently, and the chelate solution of 
cobalt is mixed before the plating cup 21 within the plating cup 21. In addition, from the above-mentioned 
reason, since some kinds of combination of supply of plating liquid is considered, they is not restricted to the 
above-mentioned combination. 

[0054] As shown in drawing 3 , the electroless deposition of for example, this cobalt system can be plated on a 
spin table 11 here, even if it carries out a spin coat or paddle processing. However, in order not to change pH 
of plating liquid and to maintain plating temperature, it is desirable to plate within the plating cup 21 of the 
closed seal space. With this operation gestalt, since you make it filled up with inert gas or ammonia gas, such 
as nitrogen, and it plates within the plating cup 21 shown in dr awin g 2 , the fall of pH by ammonia evaporating 
from oxidization of the plating liquid by oxygen, pH regulator, etc. and precipitate generating of a cobalt 
hydroxide can be prevented. In addition, in order to maintain plating temperature, as for the temperature of the 
nitrogen gas to supply or ammonia gas, it is desirable to make it the temperature and the EQC of plating liquid. 

[0055] When plating within the plating cup 21 like this operation gestalt, for example, with a 8 inch wafer, if the 
amount of the plating liquid to be used has the plating liquid used by the paddle processing shown in dra win g 3 
at least, and about 100ml of equivalent amounts, it is possible, and can form barrier metal by performing plating 
processing for 30 - 120 seconds. When using 100ml of this plating ****, within the plating cup 21, it is 
considered a 3mm liquid peak condition on Wafer W. In addition, about 100ml is considered to be the need it 
being required about 50ml in paddle processing carrying out the liquid peak all over wafer W including the 
amount thrown away by rotation of a spin table 11 at the time of plating liquid spreading, and repeating twice 
for plating homogeneity. 

[0056] Here, as shown in drawing 4 (b), plating liquid M is once accumulated in a tank, and it mixes, and the 
configuration which circulates between the plating cups 21 by piping 26 and 18 can also be taken, and 11. of 
plating **** is beforehand mixed within the tank 19 in that case. If the inside of a tank 19 and the plating cup 
21 is made into nitrogen-gas-atmosphere mind, at least 5-hour plating liquid can be maintained without 
deteriorating, and plating often or more wafers W is possible for it. Therefore, if at least ten sheets can be 
plated in 5 hours (11. use) even if it takes into consideration the utilization ratio of plating liquid M, there is 
capacity equivalent in 100ml/[ a sheet and ] in paddle processing, and the amount of the plating liquid M used 
can be decreased. 

[0057] Each component of the above-mentioned plating liquid is explained. As the 1st metallic material, the 
compound which contains cobalt or nickel, such as a cobalt chloride or a nickel chloride, for example can be 
used, for example, it considers as the concentration which is 10-100g/l. Moreover, the compound containing 
the tungsten or molybdenum of a tungstic acid or a molybdic acid, such as ammonium salt, can be used as the 
2nd metallic material, for example, it considers as the concentration which is 3-30g/l. In addition, in forming 
the barrier metal of CoP or NiP, it does not include the 2nd metallic material concerned in plating liquid. 
[0058] Moreover, as the 1st complexing agent above-mentioned dipolar ion type, amino acid, such as a glycine, 
an alanine, a valine, a leucine, an isoleucine, a methionine, a phenylalanine, a proline, a tryptophan, a serine, a 
threonine, a thyrosin, an asparagine, a glutamine, a cysteine, glutamic acid, an aspartic acid, a lysine, a 
histidine, and an arginine, can be used, for example, it considers as the concentration which is 2-50g/l., for 
example. This 1st complexing agent generates a stable chelate. 

[0059] Moreover, as the 2nd complexing agent which promotes the above-mentioned plating reaction, organic- 
acid compounds (ammonium salt), such as succinic-acid ammonium, malic-acid ammonium, ammonium citrate, 
malonic-acid ammonium, and ammonium formate, can be used, for example, for example, it considers as the 
concentration which is 2-50g/l. As for this 2nd complexing agent, a chelate becomes is easy to be returned, 
and it has the facilitatory effect of plating. 

[0060] Moreover, as the above-mentioned reducing agent, hypophosphorous acid ammonium, formalin, a 
glyoxylic acid, a hydrazine, hydroxylation boron ammonium, etc. can be used, for example, for example, it 
considers as the concentration which is 2-200g/l. 

[0061] Moreover, as the above-mentioned pH regulator, ammonium hydroxide, TMAH 

(tetramethylammoniumhydroxide), aqueous ammonia, etc. can be used, and an addition is suitably adjusted so 
that it may become the neutral - alkaline range (it is pH 8-12 when pH includes 7-12, and the 2nd metallic 
material in plating liquid) about each above-mentioned plating liquid divided separately. As mentioned above, it 
is desirable for it to be necessary to make pH of the plating liquid after mixing or more into eight, therefore to 



' ■■• adjust pH of the drug solution of each network before mixing to eight or more as electroless deposition liquid 
for forming 'CoWP especially. This is because a tungstic acid will crystallize if two mols or more of ammonium 
*are required, ammonia volatilizes and pH is less than 8 to one mol of tungstic acids in order to maintain 
tungstic-acid ammonium in the state of a solution. The same is said of the case of an ammonium molybdate. 
Moreover, although nickel and cobalt tend to deposit in an alkaline solution, and it becomes easy to deposit the 
more the more pH is high, it is including the 2nd metallic material, and since cobalt and nickel stop being able 
to deposit easily, it is whether to include the 2nd metallic material and setup of pH will differ a little. 
[0062] It is desirable that temperature is adjusted to 20-95 degrees C when using the compound which contains 
nickel as the 1st metallic material, and each above-mentioned electroless deposition liquid has the desirable 
range of 50-95 degrees C, especially when using the compound containing cobalt. This is because volatilization 
of ammonia and the effect of ebullition of a drug solution will appear if it is not practical in the temperature of 
plating liquid being 20 degrees C or 50 degrees C or less in temperature since the reaction rate of a plating 
reaction is slow, and 95 degrees C is exceeded, respectively, so the stability of a drug solution falls and is not 
desirable when using the compound containing nickel or cobalt. 

[0063] As electric conduction film used as the barrier metal layer formed in the above, the alloy of the metal 
supplied from the 1st above-mentioned metallic material and the 2nd above-mentioned metallic material is 
formed. When the compound which contains a tungsten or molybdenum as the 2nd metallic material which gives 
barrier metal ability to the electric conduction film is used using the compound which contains cobalt or nickel 
as the 1st metallic material which supplies the principal component of the electric conduction film as mentioned 
above, CoW (cobalt tungsten alloy), NiW (nickel tungsten alloy), CoMo (cobalt molybdenum alloy), and NiMo 
(nickel molybdenum alloy) can be formed. Moreover, when hypophosphorous acid ammonium is used as a 
reducing agent in electroless deposition liquid, Lynn is incorporated in the alloy film, for example, when CoWP 
(cobalt tungsten alloy containing Lynn) is formed correctly and it forms other alloy film as above CoW, Lynn is 
incorporated similarly. 

[0064] Process 4: Separate a spin table 11 and the plating cup 21 after electroless deposition termination of the 
pure-water washing above, and drain electroless deposition liquid to the outside tub 12. Or when taking the 
configuration of drawing 4 (b), piping 18 may recover plating liquid M on a tank 19. Next, electroless deposition 
equipment 1 is constituted again, pure water is filled in the plating cup 21, an agitator 22 is rotated, and 
washing in the plating cup 21 also washes Wafer W previously. Next, pure water is again supplied for pure water 
to the wafer W front face on a spin table 11 after wastewater according to separation of a spin table 11 and the 
plating cup 21, pure-water washing is performed, and spin desiccation is performed. 

[0065] Process 5:wiring electroless deposition — as mentioned above, as electroless deposition equipment 1 is 
constituted again and it is shown in drawing 8 (b) after forming the barrier metal layer 51 in the plated front 
face of Wafer W By for example, electroless deposition processing which makes the barrier metal layers 51, 
such as cobalt tungsten alloy film, a catalyst bed (plated surface coating layer in electroless deposition) Embed 
the inside of a contact hole C2 and the slot for wiring (Gl, G2) on the whole surface, for example, copper is 
made to deposit on the upper layer of the barrier metal layer 51, and a conductive layer 52 is formed in it. 
Since whenever [ catalytic activity ] is high, cobalt does not need to pretreat on a plated front face and can 
make copper deposit in direct electroless deposition processing compared with copper. The presentation of the 
plating liquid of the electroless deposition processing for making the above-mentioned copper deposit and the 
example of plating processing conditions are shown below. 
[0066] 

A non^electrolytic copper plating liquid presentation and plating conditions Copper salts (a copper chloride, a 
copper sulfate, a copper nitrate, sulfamic acid copper, etc.) 

: 5-50g/l. Chelating agents (ethylenediamine, EDTA (ethylenediaminetetraacetic acid), etc.) 
: 20-40g/l. Reducing agents (cobalt sulfate etc.) : 25-250g/l. Temperature : 20-50 degrees C pH : 7-12 Time 
amount : 1 - lOmin [0067] When electroless deposition equipment 1 performs electroless deposition on 
condition that the above, the solution containing a copper salt and a copper chelating agent and the solution 
containing a reducing agent are divided, respectively, and a tank is held and supplied. Here, pH regulator 
mentioned above adjusts each solution so that pH may be set to 7-12. Since especially plating processing of the 
above-mentioned copper does not need to pretreat on the front face of the barrier metal layer 51, copper and a 
barrier metal layer can be formed continuously, a barrier metal layer will consider metallic bond as copper by 
this, and it can acquire firm adhesion. Plating processing of the above-mentioned copper is not restricted to the 
above-mentioned presentation, and if copper deposits, it can be used by any presentations. Moreover, by 
electroless deposition, form the copper seed film, and embed the inside of a contact hole C2 and the slot for 
wiring (Gl, G2) by electrolytic plating after that on the whole surface, for example, copper is made to deposit, 



• » and a.conductive layer 52 may be formed. In addition, copper electroless deposition can also be plated by 
paddte processing which shows the electroless deposition of the above-mentioned barrier metal to drawing 3 
■since plating temperature cannot carry out fluctuation of pH easily highly, either. 

[0068] Process 6: After pure-water washing, next the above-mentioned electroless deposition termination, a 
spin table 11 is rotated, and electroless deposition liquid is drained to the outside tub 12, supply pure water for 
pure water to the wafer W front face on a spin table 11, perform pure-water washing, and perform spin 
desiccation. 

[0069] CMP (Chemical Mechanical Polishing) after embedding the inside of a contact hole C2 and the slot for 
wiring (Gl, G2) on the whole surface, for example, making copper deposit on the upper layer of the barrier 
metal layer 51 and forming a conductive layer 52 in it as mentioned above — the etchback processing by the 
polish processing by law, RIE, etc. removes the conductive layer 52 and the barrier metal layer 51 which were 
deposited on the exterior of a contact hole C2 and the slot for wiring (Gl, G2). According to the above 
process, the semiconductor device shown in drawing 5 can be formed. 

[0070] The formation approach of the electric conduction film using the electroless deposition equipment 
concerning the 2nd operation gestalt of 2nd operation gestalt this invention is explained. Barrier metal may be 
made to form alternatively only on the conductive layer 52 which consists of copper of the semiconductor 
device shown in drawing 5 etc., as shown in drawing 9 . This is because it is necessary to form barrier metal in 
a copper film front face in order to prevent this, since copper is spread in an interlay er insulation film if an 
interlay er insulation film is directly formed in the upper part of a copper film when forming the multilayer 
interconnection of a semiconductor device. How to make barrier metal form alternatively only on the 
conductive layer 52 (copper wiring) shown in above-mentioned drawing 9 is explained. 
[0071] Process l:pure ****** — it installs in the spin table 11 showing first the wafer W with which copper 
wiring was formed in drawing 1 , pure water is supplied to a wafer W front face through piping 15 from a non- 
illustrated tank, and pure-water washing is performed. In addition, the heated warm water is sufficient as pure 
water, and it can also perform ultrasonic pure-water washing. Spin desiccation is performed after washing. 
[0072] Process 2: Supply an alkaline-degreasing agent to the wafer on pretreatment 1, next the spin table 11 
shown in drawing 1 , wash a copper film front face to it, and raise surface wettability to it. Next, 2 - 3% of 
solution of hydrochloric acid is supplied on Wafer W, and neutralization washing is carried out. The spin coat of 
the above-mentioned process may be carried out, and paddle processing may perform it. In addition, this 
pretreatment is also omissible with a case. 

[0073] Process 3: Pretreatment 2, next the electroless deposition equipment 1 of drawing 2 are constituted, 
supply the solution of hydrochloric acid of 2 palladium chlorides (PdC12) in the plating cup 21, permute the 
copper film front face of Wafer W by palladium, and form a catalytic activity tub. This is plated by the chemical 
permutation between metals, and uses the ionization tendency of a dissimilar metal. The electron emitted with 
the dissolution of the copper in the inside of a solution since it is a less noble metal electrochemically compared 
with palladium transfers copper to the palladium ion which is the noble metals in a solution, and palladium is 
formed on the copper film front face of base metal. For example, as conditions for this palladium permutation 
plating, temperature carries out by the solution of hydrochloric acid of 30-50 degrees C and the 2 palladium 
chlorides of pH 1-2. In addition, the solution of hydrochloric acid of the above-mentioned 2 palladium chlorides 
is repeatedly usable if even management of pH and Pd content is performed. Therefore, it is desirable to 
process by circulating between a tank 19 and the plating cup 21 using the configuration of drawing 4 (b). 
[0074] Process 4: Supply pure water for the solution of hydrochloric acid of the 2 palladium chlorides of the 
pure-water washing above in the plating cup 21 of drawing 2 after recovery to a tank 19, and perform pure- 
water washing. Specifically pure water is collected in the plating cup 21, an agitator 22 is rotated, and washing 
in the plating cup 21 also washes Wafer W previously. Next, a spin table 11 and the plating cup 21 are 
separated, pure water is drained to the outside tub 12, it washes by supplying pure water to the wafer W front 
face on a spin table 11 through piping 15 from a non-illustrated tank again, and spin desiccation is performed 
after that. 

[0075] Process 5: Form barrier metal, such as Co, CoWP, and CoMoP, by electroless deposition alternatively 
on the plated front face (front face of a copper film) as for which catalytic activity was carried out by the above- 
mentioned process within barrier metal selection electroless deposition, next the plating cup 21 of draw ing 2 . 
Since this process is the same as that of the electroless deposition explained with the 1st operation gestalt, 
explanation is omitted. 

[0076] Process 6: Perform pure-water washing of Wafer W for pure-water washing electroless deposition liquid 
like [ after collecting on wastewater or a tank 19 ] a process 4 to the outside tub 12. The semiconductor device 
which made barrier metal form alternatively can be formed only on the conductive layer 52 which consists of 



' . copper shown in drawing 9 according to the above process. 

[0077] According to the formation approach of the electric conduction film concerning this operation gestalt, 
•since precipitate of the pH decrease of the plating liquid by oxidation of plating liquid, volatilization of 
ammonia, etc., the hydroxide of a metal ion, etc. can be prevented, it can plate with your making it filled up 
with inert gas, such as nitrogen heated in the plating cup 21, to homogeneity by the ability preventing 
fluctuation of the plating rate by aging of plating liquid. Moreover, when a reducing agent and the 2nd metallic 
material supply the chelate solution of the 1st metallic material independently, reduction of LIFE of the plating 
liquid by the reduction reaction with a reducing agent can be prevented. 

[0078] In addition, anything is applicable if it is semiconductor devices which have the connection hole and slot 
wiring of a contact hole, a beer hall, etc., such as an MOS transistor system semiconductor device, bipolar 
fc**********^ a BiCMOS system semiconductor device, and a semiconductor device that carried logic and 
memory, as a semiconductor device which forms the electric conduction film by this invention. 
[0079] The formation approach of the electroless deposition equipment of this invention and the electric 
conduction film is not limited to the gestalt of the above-mentioned operation. For example, the combination 
which performs the spin coat on a spin table, plating by paddle processing, or plating with electroless deposition 
equipment 1 can be used properly not only the above but if needed. Moreover, the electroless deposition 
equipment of this invention cannot be restricted to the cobalt system electroless deposition for barrier metal, 
and the copper electroless deposition for wiring, and can be applied also to the electroless deposition of other 
metals. Furthermore, the formation approach of the electric conduction film of this invention can be applied to 
a DAMASHIN process (slot wiring formation process) or a dual DAMASHIN process (process which forms slot 
wiring and contact in coincidence) at all, and can be applied also to the formation process of only contact. In 
addition, modification various in the range which does not deviate from the summary of this invention is 
possible. 
[0080] 

[Effect of the Invention] According to the electroless deposition equipment of this invention, since precipitate 
of the pH decrease of the plating liquid by oxidation of plating liquid, volatilization of ammonia, etc., the 
hydroxide of a metal ion, etc. can be prevented because you make it filled up with inert gas, such as nitrogen 
heated by the plating bath, fluctuation of the plating rate by aging of plating liquid can be prevented, and the 
electroless deposition equipment which can plate to homogeneity can be realized. Moreover, reduction of LIFE 
of the plating liquid by the reduction reaction with a reducing agent can be prevented by taking means by which 
a reducing agent and the 2nd metallic material supply the chelate solution of the 1st metallic material 
independently. Moreover, it can carry out without washing and pretreatment before and behind electroless 
deposition moving a plated object, and can use properly according to the class of plating of washing of a plated 
field performed without separating a plated field from an external ambient atmosphere with pretreatment within 
a plating bath, electroless deposition, and a plating bath, pretreatment, etc. 

[0081] According to the formation approach of the electric conduction film of this invention, since precipitate of 
the pH decrease of the plating liquid by oxidation of plating liquid, volatilization of ammonia, etc., the hydroxide 
of a metal ion, etc. can be prevented, it can plate with your making it filled up with inert gas, such as nitrogen 
heated by the plating bath, to homogeneity by the ability preventing fluctuation of the plating rate by aging of 
plating liquid. Moreover, when a reducing agent and the 2nd metallic material supply the chelate solution of the 
1st metallic material independently, reduction of LIFE of the plating liquid by the reduction reaction with a 
reducing agent can be prevented. 
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x-^W<D^^6F«9^<!:. */c(*rt^*^^^ 
llJtttll). ^(C. 03 (b) {C^f^^K:. 
*®.MV£ffit l Ctf£&-otc£C6-C. Xf>f-^H 
1 ©@^5:^±3ti:r . MZ-tt 1 ~2^ra^ h'^Wi 
£1f5. ^fC, i3 (c) {Cm-TJ:5tc. X 

30 ^{cio. mmz>. ±ia©03 (a) - (c) *r 

^x-^w*sm$i*-ry -^**tf 9 D i p#3£-*\ X 

[0034] fcfc. ilBtD^^rtf^^K:. Xf>f 
-7jH l«:8«>ii*tt/ct-£ 1 1 atcJcO. ^x- 

MwoDse^sis-r s ctt, ^ » *m<Du 

[ 0 0 3 5 ] m 4 ij. ^ *»■ 1 zm^xmn 
tcmxbz. 04 (a) -c^ mnmjv*flttc$£ft, 

Zi&ftZT-®fn<Dm&<Dt'>i7lC%l\>itcmt$L. MBtKD 
EW2 6a. 26b*>6?^«:^^*^'2 1^i 

te-?2>®£<DmtfiWx$>z. coimnmt* mnms 
50 v*mtc%*ftzj8 l ftzm-<Dzy*^u£btc££& 
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^^a^&oTi^is^ftt'fcWStrc&o. c© 
if^Ktt. 04^? «fc5fc:. &l&#£SiJ*K:y 7**7 
*:/2 lrt^ttl&U 8ffl*2 2«:j:0«£Lr. ftM 

[0 03 6 ] 04 (b) "C», ft 
* > i> 1 9 K§f^©Sg-C&}# 1/ . S« 2 6 

v*iJV7Z lft©y ? WSrlliKbTfltfiO* 1 9 

£©#!?* S. t ©&*&£&«. * ?**JW5l£{C.fc') 
^©*a$#IIB^bT£fc«>iC. *©*ai£*?&K:iSj-K: 

[0 03 7] 04 (a) <t04 (b) 

•a-r. y ?*$£$&©* >?&t£gj#u 8ij*©I2Wk: 

1 8*fflU-C|l|JRT2>C<b-C. y v*m<D$>>? 1 9rt 
y?*«*l3iKt/C. >*1 9tC^TCifcpJ 

[0038] ±ie©*fHB©^S6J$g©ft!SJ!¥y 

g«:<kn«, >v+*^2mKj)oiiufcii^» 
&i>attJRm&Jt?»&. *fc. y»*«tt»©T>* 

~T#X©Sf6K££pH©ffiT*K±-C£. j* 9*ttL 

>©*Btfb«©ttiR%l»±1-*C4*J'Ct*. y 
» ^^'SCCIS Dt/< F Jl>*Hi* /c«y j+*j^2 1 

*M&©8fe#*^ x -»*&1b21tZ C £ & < *f 5 C 

^i->»7**»y*»lll*ft<Cl!WStl-Cl»**:«). HE 

[ 0 0 3 9 ] *HW©M«IISy ? *«B*fflC>fc 
3WII©«jat*ft©ll!S©0»Kr3(,»-C. 0S£#J$l, 

[ o o 4 o ] 0 5 «. ;m&$»«:ft&&t0(©)&d&r 
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MOS h5>yx*^©fl6©*aM**^*JB)St/t* 

mi4 0 3WB«sn-c*jo. »iie»K4o 

««3 0Kjtr*Hipa»*»BRSti'c*»D. tB. #us/ 

y 3 >£> 6l»tt * > 9* f-^U £©3flttttt&ft>6% & 

2ttitit4i. sHb5/y3>*»&ft**i 

io h?'U2. BMt5/ya>*»6ft*W3lMMi4 3*JJ: 
[0 04 1 ] JbE©*3fftliW4 3*,fct«S2-x**> 

h »/<4 4 «:«. &mmm (g i . g 2 > 

^ h^^-4 2*BjiUr®lgB^5 0©±ffi£&Hi;* 
h*-;UC 2#_kf2B3IMtG 1 K&ilG 
TBaSft-ro*. ajl-r*3>** h#-Jl>C2feJ: 
OlHi^ffl^G 1 rt. feJ:0Wffl»G2rtK*il,» , c..g 
20 ffi&fl|*.f;ECoWP a/wh • * 

*> 0 . *©'rt»(cw*.«wa> 6ft ^^^n 5 2 a *5 

a©jA$n-Cff^tl. 3 > f h *-Jl/C2*i«fcCffi3 

^ B«fflj»G2rtK»3E«W3*i*n-en*filE3n 
n>*. ±IB©^j&K:*Jl>T. ^2ie^W2«3>^^ 

h^5^p%^UTTJBiB«r***iiaB5 0cc«» 

[0042] ±ffi©»i«H©JBfi£#8:Kol>T. 0®€r 
30 #MHSiit5. H6 (a) «:^-rj;^{c. M 
OS h7>> ; X^^^©flS©^^T (7B^) 
fiRUfc^fl^«3 0±«C, ffl&tfCVD {Qiemical V 
apor Deposition ) ffitt^K^^BWbi/'; 3>*HHH3 

»neiwi4o*»iS'r*. *k. m\tmm4o 
u 3 sob ^ > 7- >u zomnmt&zm.ibih 

[0 04 3] 06(b) tc^-TJ:^K:. F8i«C 
V D S«:<k 0 S 1 t&HtM 4 0 fc<fc 1 ffii^ 5 0 ©±H 
40 KBMbi/';3>*««3H*. Jd2*6««4 1**JSU. 

$e>{c-e©±®«:. «ittfcvDffi«:j:o»bs/y3> 

[0 044] *IC. 06 (c) tcmt^'jtC. 7*b'J 
©±S(C3>3?f h*-iI/©^*->KHP"r*uyx 
i'il/TR I E (Sl6tt-f*>X9f->y) ftWiJ 

50 «r»JSWS. 
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[0045] 07 (a) Ct^-TJ^K:. WtMC 
VDatC<fcD^^->p|pg|5C lrtfcJ:^U^> 
^X F?A4 2©±IIK:K<b>y:3>£lt8;*-t*\ !S3 
t&tEg4 3&£«U $6(C^<D±®CC. flUtfCVD 

i£{c<fc>)g{bs/y=»>*itf8;*tt. ssr2;c?*>yxF 
■^44£»f£. 

[0 04 6] #ft> 07 (b) (CijVrj:5K:. mtf? 

*h')vif^v -f-lgtciO. m2 3-v 

A 4 4©±JfCC|^fflm©A£-Mcm-f £U^X F 

if ?^4 4£^*->iniu S65c> m 

lx**>*;U?A4 2K#OT;SS2»*)»4 3*» 

i'COi-^^^ftL. SH3 *&ftl^4 3*5^:^2 i? 
^>:?X F v^44iCffl&mffi (Gl . G2)£»f 

cot*. BweflHGi. G2> 

IMZm 1 x **>*X F y>*4 2tCjmir1t#*-> 

[0 04 7 ] 08(a) iC^t^^iC, 3>£? 
\>*->\>C2*s£Vffl&mm (Gl, G2)©rtgffi£ 

F • $>^Xf->^) fr^tcS/tyr,* *JUJ|5 1* 
J&l&tZ. CCT, ±S2©/tyT.**JWi5 1©J&S*C 
ifcotit ^©BU^Sitr. 8^7+1 30 

Bd (Bfcft*'ya>tt£©ifilimn*J:VII. #U5/y 
3>*6t>{J£>^Xr>&£*©i»lIlgg|ffi) ±CC^-7 

it) wm&fcir&mifik*) . witiaaiuTKw-rigKj: 

[0 04 8] Xgl «feKU>*) 

J:iB©9x-MW£01 {C^-TXf^^-^H 
1KSBU ?*-^waffl&t|2 < gl 5*>6K**ffil& 

[0049] Xg2 : mHHM 

&tC. 0 1 Kl^Vf X b - >7— >Ol< 1 1 ±T. £(T©ffl£ 

( i > n*{b**g so 



#§3200 1 -3 1 683 4 

14 

*r. <iMt5/';'3>. Mb>U3X 9 

1 Ktt©Ktt&fi) t/tlMfcS'tt ^BflCc 

-rs. «« • jmml***. 

<2 )«*•;>* 

awe. ieiii3ia©«m*m>. $*-»*8B*«i* 

(3) j/^> (?•*» i}y7V>?9i!M 

#&J& £©* ? ^ y > ^W*» ^ » *ihk«i&u ±ie 

&c<fc 0 . *xe©ftBiffl' , « 7^A3D-fF #±3B* » 
7*y >^jiffi{4*S^Lr, tflM i+$mtMKBB'<9 

**. 

(4) «*y>x 

&fc. Xgl <tl5MI©&S£m>. ■)*-^«H*Jte» 

■rs. 

(5) 

m&mztstifmzw » &<bxx©x 

W5Lte> WU-tt©Cata1yst9F. Enthone-Offl tt©En 
plate Activator444H^fflC»6 C i*if* 

(6) *fi*y>x 

^{C. Xg 1 £l5Hf©M3£m>, fx-^^iB*** 

(7) rStt^bteS 

^K. ttrf?+®{C. ^{*^yu-a©Acceleraton 
9 % Accelerator240^*^it&U-C. ±iem{bXXT«S 
P -Y ^ffi{bXX*KI(i 
(M^^M) *RW3iro§ttfb**r*. ^©s 

(8) «*y>x 

(9) 

iB©xg*-i:>r u 4> r & s am** < . ( i ) ©a 
*^b^a. ( 2 > ©*etk y >x . ( 4 ) ©'«* y >x . 
( 5 ) ©M«|fk«ISft Jg^tc <fc o sbs^-c* 

[0 05 0] Xg3 : A-i;7^^;ljIM> 
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m* v*mzvx-"wmmt<cm&Lx:. &y v*$m 
/>'U7^^coP 

F) . N i P . CoWP 

(U F • SO^X . N i 

wp (y>*d#r4-?^- *>yx^>££) . 

CoMoP ( >; 3'<* I- • * 'J 

&) , NiMoP <y>**i!rrsi 

*B&{C/< 'J7> »^tt«ft4f <&fifi»«ftt»r *02 * 
JStt*4 (/<U7y *JU*C o P. N i PtWSJS^ 

U-F#J) t. ^^*®t»*fli3lT€ > ^2l§^J (02 

[0 05 1 ] CCT\ 04 (a) ?mUcJ:5(C v ±12 
©y ?*$©&l5#£20$fc«30CD*>i7fC55ll*{C 20 
flHSU g£t©I?g (2 6a. 2 6b • • • ) (Cj:0S<J 
*Kft|&UT.-«Bf«2 2Jcj:0y»**»^2 lrtt? 

or y v *.*tf 5 . ft *>\ y » * * » 7* 2 1 *firc 
7c v 04 (b) K-mbtc. Jv*Jjv?'2 H*g©y?* 
[0052] 0M.K. «T©*«»*Sl4 K * > 

Co P. n i p/n)Tjt#fr 

©n i &Ktmftffi (^ i sum » i * u- f&j. . 30 

»2*U-HW*»J:O t pHiBBW«cf3&>6ac*) 

©StM <»^<fctfpHIWBWtt£*6«cS) 

JJ2©^*£pHWiB!PlK:,fcD. pH7~12CCp§i£ 

L/T. y -7**»^2 l^flM&TS. 

CoWP, NiVP (CoMoP, N iMoP) ;<U7 

y»JMl) 

©0 1 £Htittftft (0 1 £Rtm. » 1 * U- HW. 
02*1— Ffflfe«fctf pHSHBlP!l&£*»6ftS) 
©02£)Sttfr4?§?fc (*2#Wtm*»J:CfpH««gWtt 
£**>6ft£) 40 
©StSW <»MfcJ:tfpHW»Wfc£*»6&*> 
±IB©S«**pHW1BWK:J:0. pH8~12K^g 

or . y 9 » 7*2 i 'sfiKft-r s. 

CoWP, N i VP (Co Mo P. NiMoP) ^'J7 
y»JH2) 

®m i #nw4?§$ (0 i &Bstm. sb 1 * u- fsi. 

02 *U- Ffflfc<fcCf pH»S»&£*j&»&&S) 
®02£Httf4?§&£M7c8iJ (02£IStff4. MSftJfc 
J:tfpHiBBWft£#6&5) 

Jja©S*«*pHIBffiW{CJ:0. PH8-12KIBS 50 
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[0 053] ±ts©J:5ic. >*k€8$u y 

©tt, MjLtfa/^Jp F BT** «K*-C*IWk«l©tt 
RtftO^ft^A:*. ^©fc©(C01 h#J£tS:A 

U y -,+ffc©?^ 7 #5@< ft J&gu-F 
(ty 7fim£5HHr»«<W£C'Cl/*5 
^6T?*5. m-C02^M*4* 5 ^JJD3^^C«?;(Cj; 
•3. * U- hft8tf333££& «3 . 3 6Ky?**©5 

a/<AKD+U- F&$£S7C#J£02£JIttf4£tt)5iJ 
fcft&U * » f ^2 l rt*fc»y f ** -y 72 1 
©^ir-rig^-r-5ci<!:(>/c4>©-c*5. ±ta© 
as*>&. y ?**©{&(&©«#£*>#». Hiio*p# 

*.6tt£fc©, ±!2©ifi#^1ifclK6ft£t>©trttft 
[0054] C CT?C©01*.«3''W F&©$8«JS?y » 

*£03(c^J:5K:. xb->f-^n i±T\ xtr 
g^^FT-Sfc«)tc«, HD?>n/c?8itsra©y 

», 0 2 (C^-ry »t*»^2 1 rt-C^fe i'©^Rgtt 

#x*4i»»r>*-7//x%3E»siiry »***© 
>*i7'*«3K»^*CiKJ:SpH©ftT. te«t!>'3/N* 

a h b«©flM»**tt±r s c t *»r * 4 . ft 

[0 0 5 5] *Hte0Ji©cfc^«:y 7**7^2 irt-c 

>^■i;x--'^r^J > ii>ft< i^HaK^-r^F^jaa-c 
ffi%?z>s v^WLt^mmnom ioomi htwmmv 

*D. 3 0-1 2 0#IB!©y » *«at*tf SCifCj; 

o. ^y7-rf*ii'*SUW*c4#'C**. coy?* 

jftM 1 0 0 m 1 &mir&1*£. y v » 7'2 1 F*9r 
tt't/x-^WitcSmmOj^lOt^i^A^n^. ft 

7;H KDHE-C^r-SM^fe-C^x-^W^fflJC® 
£ D -T 4©K:^) 5 0ml ^-C* 0 . y ? *i*-tt©A: 
©K 2 Hag Oil? ^iLT . iKll0 0mUM<l!i#i6 
tl4„ 

[0056] CCt, 04 (b) JC^-r<fc^{C. Mv* 
?SM5r-B^>^«:i§d?)-Cig^U, y 9**?^2 li 
©H!£E@2 6fc<J:CM 8tCcfcO, «S3-S*«lS4i 
ici^, -e©ii^(c« t mx.\i> y^+iKfii 'J 

» 1 9rt"C : ?©ii^L/-C*J<. ^>^19 
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.ft<ife5«fiBy»**tt^{t«r«:it»-r*. 10ft 

fcLt©3x^W©y 9*#>3ti-C£>£. ftoT. >9 

**M©ttffl«*%*«i/Tfc. 5bsw ( 1 y 9 HH£ 

ffl) -?4>fc < <b t> 1 0 fty 9 * YSfttf. /< F**JB"C 
©10 0ml /(fc&B3©(&*JJW*9 . y 9 *j$M©& 

[0 05 7] ±12©^ » **©SflE»Koi»T. K"JB* 

fb£»4Jfic»sc:£**r*. fljitti o~i oo g/y 

t£$y9z? >fltib£i*rey :/7 s >K©7>*-$ a 
£&£*©*>y*^>a*i>«*y:/7^££tMb£«j 

ffii-rs. CoPS>5i»«N i p©/tyry*A 
**fiw*»^tc«. s»»2^fli*mi*y9**Kd 

[ 0 0 5 8 ] *fc. ±E©Wtt'f * <f ^©m 1 igfb 
)i>$ 5>Kv 7^A7¥>» > t^?y>. T 

~5 o g/y 9 MUDiggtf com i ttftitw. 

[ 0 0 5 9 ] £ fc, ±K©y 9 *5j££<SiI-rSSfl2f§ 
fbSfl£t,Ttt. W*.tf=m0MT-> : fc-'}A. y>=TK 
7^-^a. ^x>KT>*-^A. 7n>i7>t 30 

tl7>t^-)Afii'©WiHt^i (7>t 
ifAtt) *m»4Ci*JT*. 0IJiL«2-5Og/y 
9HU©«l*&T*. C©*2i|{bJWtt. + 

7c$ n^-r < ft o . ^ *©<£ji$jsi*i$o 0 
[0 060]^, ±ia©ji7c?fiii b"cii> m«&j«6 

f 7 *DMb* omr a& tzm^z c t 
m«2~2 o o g/y » Hu©»fi&*-s. 

[0 06 1] Sfc, ifaWpHDS^rUUTtt, *&<b 
7> c fc— "5 A. TMAH (tetraraethylammoniumhydroxi 40 
de) . 7>*-7*ft£*£ffl(,>.5C<!:#r£. ±ie©sij 
* K:#gl3 n/c#y 9*jR*. 0Hilt«Jtt~7;l'*yte 
©EH ( p Hifi 7 - 1 2 . ^2 ^S*tf4*> 9 *$&t^ 
£>-5i§£(UipH8~l 2) ^KSSSSflllfi*: 
HS-rS. kiZOZ*)^ ft(C. CoWP£JfojXir£/c 

a>©»m«^ 9 tr«. *i£&©y ^ *$© P h 

©^$©P H£ 8«±tc|SgU-C*3< C <b##£ U». 
tft«. *>y*^>ir7>*-9A*«6S©tt»-Cli 
JfSttS/cSXUi. *>^*r>l&l*JUc*fbT. 7 so 
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>*-9A#2*Jl/«Jb&g-C. 7>*~7#»2£l/T 
p HA 5 8 ^Tlsl-Si ^>^Xf>K*5fe^{bL/-C L$ 5 

frh-chh, *y^f r >Si7>*-^A©Jfi^4>i5iti-c 

■C*TtBL^-r<« pH#itiWfttfiiit,>B<t'tfaJL*>-f < 
^2^SW4*^*SC<t-C. fc J: 

[0062] ±ffi©s«wwy » * i £fl»ra 

2 0^9 5*CKIIK3tlTl>&C£A4fS(/<. 
h**t»ffc^»l«rffl^iit^lCtt. #{C5 0-9 5'C© 
ftH«47Sl/D. cn«. -9^iW**l»«=i^Jl/h4 

*t»^k^»*fflt>*»^K:*jt>r. -en-en. ^9*$ 

©SK* 5 2 0 'C* h ^ it 5 0 
+JSl£©j5l£;ji«*5iI^fc©{c||ffl&fj-C/ k «c< . S/c. 9 
5-C4e^i<!:. 7>*-7©»^». ^M©^lB©iJ 
Wfimt\Z<D~C, **©SSEtt*fiTL"C»*K<tl» 

[0063] ±ie(c*>a^-c^$ns^'y7y ^;m<b 

ft**«itiLrB, ±IB©^l^W4<b^2^tt 

^6^$n?>^s©^* 5 ^3n^. _biao j: ^ 
7 J t$)imztf$?zm£mttmti;-cst>9z?-> 

oW (3AAh • £>yxf->£:&) , NiW(^9^r 
;u • £>yxf->£:£> " C0M0 (3^*h«*y'^ 
fy^.) . NiMo (-9^r;l" j ey^9*>^) 
MtSCi^t^S. */c. «smiS^9*ffi4 1 ©S7C 
UT^ffiy>K7>^e-^A?:ffl^fcii^(Ctty > 

tf^^iittifcBxojA^n-t, wi^tf±ia©cowtL/'c 

JESiKBCoWP (y>*^#T5=i^Jl/F • 

97,7-y^) 3&s»fiS3*». *©fl!i©^feil*0fiJtr* 
Jf£ tc 6 HftCC y > # a 9 ft* n £ . 
[0064] Xf§4 : 

JJB©MWBy9*»7«. lt^9 
*Uv9Z 1 4*$MtL"C. JWWM »***JWI1 2 
^P*T-5„ 04 (b) ©AWE* i **^«C 

«. KB18K«fc»)y9+«jM%df>d'19K@*ll/"C 
*><fcl>. fnyjft«»y9*lgai*flli«0. 

9^2 irtictis/cL/r. a^2 2^iaiK3 

[0 06 5] Xm 5 :ga8*ffB»M9* 
±ia©<i;^K:. ^x-/>W©1gy 7*»/<'J7> f 

;ws 5 1 £jfa&bfc&. «c«s®»y 9 1 mis. 
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UT. 18 (b) (CnVf^CC. W*.«3/t*h$r:/f 

z7->£&mu£<D>^)7*H)im5 i*tem mm 
v*icmms -;*mmmm) ttmmrn* 

?**HHcJ:»). ^'yTy^Jf 5 l©±H{t> 

9 F*-;UC2fc<fcO t i3Kfflill (Gl. G2)(*3££M 
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as t**fc&©8$tSM » **ui©;f » *$©&j?s;fcct 

[0066] 



gj©& (tt<bfi. SIKH. «1HH. **7y5>IHfltt£) 

: 5 — 5 0 e/'J 9 

*U- YM (l^l/>^7 5>. EDTA (x*H/i>7 5>0i*8) &£*) 

2 0-4 0 g/U » 
2 5-2 5 0 g/U 9 hiU 
2 0-50*C 
7-1 2 
1 — 1 0 m i n 

K. 0 5 K5Vr*»««0«a f*> 6ft S*WB 5 2 



PH 



[0 06 7] ±BO*frT*Ki»> 9 9 * 

(Cj:»K pH**7-l 2i64<fc^(CiSl/ti5<. ± 20 

ia©ts©y 9**Bitt. A«;7^f;H5 l ©afflict 
Tttft<. «#tfWr&fc©r*fttf£©J:5&»S"C 

99 b*-)ic2is£zmmim <g i. g2)i*j£± 
^tri<fc^„ ft*. M©MKR^?^tt. tta©><y 

7* * ;U©&«8?;< 9 *«<tV 9 ft < . p 

H©S»&t>t/KU>fc«>. BB"3KS?r/'CF*»IKj:0 

[0068] im6 : mam 

^ju i i ±©>5 *~"Wfnii(ctt*«ftift 

[0 06 9] ±i2©J:5tc><yT.rf*-rt'JI5 l©_tJS 40 
fc. a>2*h*-JUC2fcJ:tfl3g5ffl$ (Gl, G 
2) rt**BB(ca»a^, 0M.t2ffi£JifltS#. 9* 
JI5 2£0JSSbfc&. tfl&tfCMP (Chemical Mechani 
cal Polishing ) &K.J:i>Wgjt!M> R I Eft<t*(C<fc5 
i^SKJ:*). 3>^d? F*-^C2*J<fcCX 
EJgfflSHGl. G2)©MflUC«8l(/AMII5 2«i 

/< y ry **m 5 i *f&*-f *. «±©ieic<fc 

[0070 ] !B2lliag» 

*«M©»2|ltBB»K«S«S«»y9*«Btfflt»fc 50 



*5„ ctitt. ¥«(*gS©£Siaf!*JBii5rt'*«£K 

©a 9 ^rmmm 5 2 (memo ±k©#>< 07^9 

[007 l ] Ig 1 : 

*>. ft*». k*b. jp«i3nyta*T?fcj:<. *fc. & 

[ 0 0 7 2 ] XS2_j_iMlX 
mtl&Zft±.ZitZ. 3tfC, 2-3%©&$i§MS:'}* 

t». ft*>\ c©buMS«. ^JcfcoswrscifeT? 
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